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SECTION 1
INTRODUCTION

High performance Air Force aircraft are being fitted with
transparencies utilizing polycarbonate (MIL-P-83310) material
as the structural ply. 1In some designs, a single (monolithic)
thick polycarbonate structural ply is used, especially when the
number of ply interfaces is to be minimized for improved optics.
In other applications, several thin polycarbonate and/or acrylic
plies, separated by relatively low modulus interlayers, replace
the monolithic construction. 1In either case, outer and inner
surface protection may be provided by acrylic plies or

protective coatings.

Polycarbonate offers many advantages as a structural
transparency material, having excellent impact resistance as
well as acceptable optical and thermal properties. The impact
resistance of polycarbonate material is influenced by such
parameters as thickness, temperature, ply configuration,
processing procedures, surface finish, aging, and environmental
exposure. In order to optimize the impact resistance of a
candidate transparency design, the transparency designer must

be able to evaluate the effect of these variables.

One of the difficulties in evaluating the impact
resistance of polycarbonate (or change in impact resistance)
is the lack of a universally accepted and standardized test
method. Some transparency vendors rely on the falling weight
impact test which yields good qualitative results. However,
to date these falling weight impact tests have often been
performed under loosely controlled conditions, not governed
by well-defined test procedures. The notched Izod test has
been used and continues to be used for qualitatively evaluating
impact resistance of polycarbonate per MIL-P-83310, even
though it has not been clearly established that this is the best
method for evaluating the impact resistance of notch-sensitive
polycarbonate.l Thus, no common basis exists for comparison of
test results.




SECTION 2
PROGRAM OBJECTIVE

The objective of the experimental investigation conducted

under this effort and documented herein is to:
e identify and evaluate potential test methods,

e develop a standard test method and procedure for
evaluating the impact resistance of polycarbonate

material, and

e make recommendations for application of that test

method.
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SECTION 3
EXPERIMENTAL APPROACH

3.1 SELECTION OF CANDIDATE TEST METHODS

In order to screen the most viable candidate impact
resistance test methods for the experimental investigation, the
following guidelines for meeting the program objective were

developed.

e Strain rates to be representative of those attained
during bird impact; providing the impact resistance of

the test material is strain rate sensitive.
e Test results to be repeatable.

e Cost of testing apparatus, test spvecimen, and test time

to be reasonable.
e Specimen configuration to be as simple as possible.

e Test method to be sensitive in detecting both gross and

subtle changes in impact resistance.

e Test method to be adaptable to a wide range of

material variables.

e Test sample failure mode(s) to be relevant to those

encountered in service.

The optimum test method will consider all the above
requirements, but must contain compromises due to practical
constraints. The following paragraphs present a summary of
advantages and disadvantages of the candidate test methods which
were selected from a review of industry and ASTM test methods
currently being employed, namely: air cannon, falling weight,
notched Izod, notched Charpy, high rate simply-supported three-
point flexure, and high rate tension. For this program, emphasis
was placed on falling weight impact testing of 0.250 and 0.31 inch
thick uncoated polycarbonate plates with spot checks made on
0.125 inch uncoated, 0.125 inch coated, and 0.125 inch thermal




cycled; 0.31 inch coated and 0.31 inch thermal cycled; and

0.5 inch plates.

3.1.1 Air Cannon Test Method

An air cannon test offers the greatest potential for
providing the most realistic impact loading of the test sample.
High strain rates can be generated at specialized test facilities.
The test sample size, type, and mounting configuration can be
confiqured to simulate a representative test condition. The
impactor velocity and configuration are usually capable oI some
adjustment so that the total impact energy and energy distribution
can also be adjusted to match the .lesired test condition. The air
cannon test method has the highest cost per test, especially if a
significant amount of instrumentation is used. Test results are
usually qualitative in nature and relatively large amounts of

material are required.

The 1-1/2 inch bore cannon installed at the UDRI
Dynamic Mechanics Gun Range was used in the program. The cannon
can be operated on compressed air or a powder charge. The gun
itself is a 6-foot long, 1-1/2 inch I.D., heavy wall tube supported
on a heavy I-beam. A vent section is connected to the muzzle of
the gun to release the driving pressure from the back of the
projectile package.

Projectiles are placed in a sabot, or carrier, for
launching; the sabot being a 1-1/2 0.D. Lexan cylinder. Since the
sabot represents a significant fraction of the launch mass, it must
be stripped from the projectile before the projectile impacts the
target. Therefore, a sabot stripping section is connected to the
muzzle end of the vent section. When the launch package enters the
sabot stripper section, the sabot is progressively decelerated until
it stops:; the projectile continuing on trajectory to the target.
Velocities up to 3000 ft/sec are possible with this gun which can

result in strain rates of over 10,000 in/in/sec.

Air cannon range facilities are complemented by an

extensive range of high speed instrumentation, enabling resolution




of even the most transient impact events. Egquipment on hard

includes high speed framing cameras (up to 4.5 x 106 fps), high
speed streak cameras, flashed x-ray equipment (10 channels), laser
velocitometry, high power pulsed laser holography, high speed
digital data acquisition equipment (10 channels), and seven

oscilloscopes ranging up to 500 MHz bandwidth. '

3.1.2 Falling Weight Test Method

The falling weight test method, ASTM Method F736-81,
has several advantages over the air cannon method with one
disadvantage--lower impactor velocities. An air cannon facility
typically produces impact velocities at least an order of magnitude
above falling weight velocities (falling weight velocities being
approximately 25 to 34 ft/sec corresponding to drop heights of
10 to 18 feet, respectively). However, a falling weight test
apparatus is much less costly to construct/operate and easier to
instrument in any attempt to generate quantitative data. Specimen
fabrication is relatively straightforward for this method.
Numerous falling weight facilities are in existence, but the

associated test hardware and test procedures vary widely.

The UDRI Falling Weight Impact Test Apparatus is
shown as Figure 1 of Appendix A. This tester will accommodate
simply supported or clamped plate specimens (Type "A" specimens)
of various span/thickness ratios, as well as simply supported beams

(Type "B" specimens) of varying span/thickness ratios. A lifting

carrier is provided to raise or lower the impactor to a maximum drop
height of 20 feet. Hemispherical impactors of one-quarter-, one-half-,
one-, one-and-one-half-, and two-inch diameter are available and
interchangeable for impact testing of plates. An impactor loading
nose and adjustable supports are available for three-point impact
testing of simply supported beams. Drop weights are detachable,
interchangeable, and variable in known increments from one pound to

a total of 50 pounds. A two-cable system guides the falling weight

to strike the center of the specimen at an impact velocity approaching
free fall. Automatic release and rebound catch mechanisms are

provided.

QQ
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Figure 1. Notched Izod Test Specimen.

3.1.3 Notched Izod Test Method

The standardized notched Izod test method (ASTM D256-73,
Method A) yields qualitative results, but requires a test sample with
a critical machining operation (notching) as shown in Figure 1.
Attempts have been made to quantify this test method but as yet an
ASTM standard has not been generated which relates the impact strength
energy to the material properties. The specimen is clamped in a
vertical position in a vise using fixturing to precisely locate the
notch in reference to the test frame. Figure 2 presents a sketch of
the Izod impact machine. The striking nose of the pendulum
strikes the sample at an initial velocity of 11.4 ft/sec at a point
0.866 inches above the notch. The side of the specimen with the
notch faces the impactor as shown in Figure 3. One result of notch-
ing is an effective increase in the strain rate of the material;
hence the geometry of the notch and the method of fabrication must
be carefully controlled to ensure the validity of the test. The
energy expended in deforring or fracturing the specimen is calculated
by deducting the values for the residual energy in the pendulum and
losses due to friction and windage in the apparatus from the initial




Figure 2. 1Izod Impact Test Machine.
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Figure 3. Relationship of Specimen to Izod Impactor.




energy to the pendulum. In the case of sheet material, the
direction of laoding is in the plane of the material and perpen-
dicular to the direction of rolling unless the direction of loading
is a variable in the test matrix. In comparison with the air cannon
and falling weight methods, the size of the specimen for the notched
Izod method is much smaller and the cost of the apparatus is

tvpically less.

3.1.4 Notched Charpy Test Method

The notched Charpy test method (ASTM D256-73, Method B)
is very similar to the notched Izod method. The Charpy test
specimen is loaded in simply supported three-point fiexure as
opposed to the fixed cantilever beam loading employed in the
Izod test method. Both tests use the same test machine, utilizing
different supports and impactor heads {reference Figure 4). 1In

the notched Charov test, the impactor loading nose strikes the

Figure 4. Charpy Impact Test Machine. !




specimen directly behind the notch as shown in Figure 5, and

the support span is 3.75 inches.
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Figure 5. Relationship of Specimen to Charpy Impactor.

In both tests, the impactor velocity decays as the specimen is
deformed or fractured, the amount of decay being dependent upon
the energy of the impactor, and the rate of energy absorption in
the specimen.

3.1.5 High Rate Simply-Supported Three-Point Flexure
Test Method

For this test method, the high-rate simply-supported
three-point flexure test specimen and supports are per ASTM D790-71
Method I with a 16/1 span-to-depth ratio. The test displacement
rate, however, is much higher with high-performance electrohydraulic,
servo-actuated MTS System Corporation closed loop testing equipment
such as that shown in Figure 6. Ram velocities of 60,000 in/min
(69.4 ft/sec) are attainable for displacements up to five inches.

The direction of loading is transverse instead of longitudinal as
in the Charpy test; otherwise this type of test is similar to an
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unnotched Charpy test. The test velocity is constant during the
test and does not decay as with previously discussed methods.

Test data is repeatable and more quantitative than previously
discussed methods, which enables a breakdown of the test data into
sections of elastic deformation and plastic deformation or fracture
propagation and a determination of attendant mechanical property
values. The relative cost of the apparatus is high.

3.1.6 High~Rate Tension Test Method

High-rate tensile tests per ASTM 1822-68 can be
conducted, using appropriate fixturing, in the same impact test
machine used for Izod and Charpy tests, and produce strain rates
of about 2.5 in/in/sec. High~rate tensile tests can also be
conducted in a high performance electrohydraulic test machine
(reference Figure 6) per ASTM 2289-69; this method results in
strain rates of more than 1600 in/in/sec. As in the case of
high-rate flexure tests, the latter test method will generate
quantitative test data, but the cost of the apparatus is high.




SECTION 4
TEST PROGRAM

The test program consisted of 31 air cannon tests, 402
falling weight tests, 30 notched Izod tests, 30 notched Charpy
tests, and 39 simply-supported three~point flexure tests. No
high rate tests were conducted because of the limited funds
available for this program. Typical failed specimens are shown
in Figures 7 and 8 illustrating the relative specimen size as
specified by the associated test method. The following paragraphs
describe the test specimen material, the test procedures used,

and present the test results.

4.1 TEST SPECIMEN MATERIAL

The test samples for the exnerimental program were fabricated
from three different types of monolithic polycarbonate: SL-3000
G.E. Lexmquper MIL-P-83310 in two thicknesses, nominal 0.125 inch
and 0.310 inch, both coated (FX-103 coating, one side) and
uncoated; Rohm and Haas Tufﬁﬁ(@i uncoated, per MIL-P-83310,
nominal thickness 0.310 inch; and commercial grade Lexan ® (9030
Series) in two thicknesses, nominal 0.250 inch and 0.500 inch.

The 0.46 inch stretched acrylic (MIL-P-25690) was included for

comparative purposes.

Tests were conducted on the SL-3000 at three different
material conditions for each thickness to evaluate the sensitivity
of the test methods to typical processing variables. The 'AR'
(As-Received) condition was produced by storing the incoming material
in the laboratory environment (73+2°F, 50+5% R.H.) at least four
weeks prior to testing. The 'C' (coated) condition was procured
with a coating (FX-103) known to severely embrittle polycarbonate,
applied to one side of the sheet, followed bv a minimum of four
weeks storage in the laboratory prior to testing. The 'TC'
(Thermally Cycled) condition was produced by placing the finish
machined samples in a preheated air-circulating Instron heating
chamber at 105°C (257°F) for two hours (typical fabrication heat
treatment temperature), followed by air cooldown to room temperature
for one hour followed by immediate testing.

L2
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The Rohm and Haas Tuffak and the commercial grade G.E. Lexan
materials were tested in the AR condition only. 1In the case of the
AR, TC, and C conditions, the beam samples were machined from the
conditioned material using techniques developed to produce a minimum
of residual stress, and all of these samples were inspected photo-
elasticially to verify the absence of fabrication induced residual
stresses.2 Falling weight and air cannon plate test specimens
were bandsawed to size because the edge condition was not
critical (Reference 3 and Appendix A).

4.2 AIR CANNON TESTS

A total of 31 air cannon tests were conducted on uncoated
monolithic polycarbonate to evaluate the effects of high strain
rate impact. These tests are compared to falling weight tests in
Section 4.3. The 12 x 12 inch plate specimens, in two thicknesses,
were mounted with simply supported edge conditions on a 10 x 10
inch steel frame. The plates were then impacted in the center
using either a spherical (66.7 gm) projectile or a bullet shaped
(287 gm) projectile. The two impactors were used to study the

effect of impactor velocity on threshold-of-failure energy

(minimum energy required to form a visible open crack).

The results of 16 air cannon tests conducted on 0.3l inch
thick uncoated polycarbonate are presented as Table B.1l in
Appendix B. The 1.0 inch diameter spherical impactor produced a
failure threshold of about 975 ft-lbs for the G.E. Lexan. The bullet
impactor (a 1.0 inch diameter cylinder, 2-1/2 inches long, with a
hemispherical nose, total length of 3 inches) produced a failure
threshold of about 1170 ft-1lbs in the G.E. Lexan, a 20% increase
in failure energy at 53% of the spherical impactor velocity.
Figures 9 and 10 show typical 0.31 inch thick specimens after testing.
These specimens were photographed on graph paper (note the distortion
around the impacted area). The impactor is shown off to the side.

Table B.2 in Appendix B presents the results of 15 tests
conducted on 0.5 inch thick commercial grade G.E. Lexan. The
failure thresholds were 1740 ft-lbs with the spherical impactor

J)
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and 2090 ft-lbs with the bullet impactor-~-a 20% increase in failure

energy over the spherical impactor. The velocity of the bullet
impactor was 52% c. the velocity of the spherical impactor at the
failure threshold, the same relative difference as in the previous
tests. This indicates that the relative differences between the
threshold of failure for tre two impactors may not have been
directly related to the material thickness. The material was 60%
thicker and the velocities were over 30% higher ir. the second series
of tests, yet the relative difference in failure threshold between
impactors remained unchanged. Figure 11 shows tyvpical 0.5 inch

thick specimens impacted with a spherical impactor.

An unexpected result was the apparent decrease in the impact
strength at the higher impact velocities as shown in Figure 12.
The relative difference (20%) between the threshold of failure
energies for the spherical and bullet impactors mav have been due
to any combination of several factors which include differences in
impactor geometry and surface finish, as well as differences in
velocity (higher velocities may result in more localized straining
of the material) and material thickness. Falling weight data was
included in this plot for comparison. The fact that the span was
different between the falling weight (8 inch diameter span) and
the air cannon (10 inch square span) is not expected to have a
significant effect on this comparison (see Figure 13). A better

understanding of the strain rate effects in polycarbonate is needed.

4.3 FALLING WEIGHT TESTS

A total of 402 falling weight impact tests were conducted in
accordance with ASTM Method F736-81; 391 tests were conducted on
monolithic polycarbonate specimens to determine the effects of
impactor size, immactor configuration, impactor finish, specimen
configuration, support span, material thickness, material condit-
ioning, and impactor velocity; and 11 tests were conducted on
monolithic stretched acrylic to compare its impact resistance to

that of polycarbonaté.




T T—

SPHERICAL IMPACTOR

SPHERICAL IMPACTOR

Figure 11. Typical .50 inch Thick Tested Specimens.

19




*A3to00T8A 3O uotrTidoung ® se po33zold Abasum proyssayl gl oanbrg

(098/33) K3yooraa

000t 008 009 oov 002 0
L L LD LD L
et (J
Teoyaayds
O M oos
IybteM Butited () G,
’ t
7 o]
/ A
AN N
Teraajzew o1yl your 1e’ O s \\l.oooa s
~ - P o
™ - . — < / in
! =@ l.@ / A
[
/ o
/ 2
/
\ —400ST-
/
TerIazew }2TY3l Yaur 05" (O \\
~ 7
~ = \\

~ - _ - - 000z
--0




Material: .250 inch thick Commercial Grade
Polycarbonate (G:E. Lexan

800—
700
(® - 1/2 inch diameter impactor
A - 1 inch diameter impactor
600~
O -1 1/2 inch diameter impactor
- Ssoo—
-
A
[l
)
&
'; 400~ A A
¢ A :
=
»
o0
200
O]
© 0]
ro00™
q 1 ] | ] 1 a
3 4 -] 6 7 8

Plate Span (diameter in inches)

Figure 13. Effects of Plate Span on the Failure Threshold
Energy (Falling Weight Test Results).
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Using five different sizes of hemispherical impactors,
363 Type "A" plate specimens were mounted in a clamping ring setup
and tested. The results of the plate tests are presented and
summarized in Paragraph 4.3.1 and Table 1. Thirty~nine Type "B"
beam specimens were tested using an impactor nose and supports
corresponding to ASTM Method F736-81 (D790~I). The results of

28 polycarbonate beam tests are presented in Paragraph 4.3.2
and Tables B.1l5 and B.1l6. The results of eleven tests conducted on

stretched acrylic beams are included in Table B.1l6.

Although limited in number, the tests performed did indicate
trends in the behavior of impacted polycarbonate and enabled the
recommendation of an economical standard test method for ASTM
consideration. The standard was adopted as ASTM Method F736-81,
"Standard Practice for Impact Resistance of Monolithic Polycarbonate
Sheet by Means of a Falling Weight" (see Appendix A).

4.3.1 Falling Weight Plate Tests

Falling weight plate tests have been conducted on
363 polycarbonate specimens using nine different impactors, three
plate spans, four material thicknesses, and three material con-
ditions. Specimens were mounted in accordance with the ASTM
F736~81 test method (see Appendix A).

Tables B.3 and B.4 (Appendix B) present the results
of tests conducted on 0.125 inch thick material; typical tested
specimens are shown in Figure 14. A total of 33 tests were
conducted on uncoated polycarbonate, and 11 of these specimens
were thermal cycled at 257°F. Based on the test data, the
estimated failure threshold for the sovecimens in the as-received
condition was 185 ft-1bs for the 4.96 inch span and 200 ft-lbs
for the 8.0 inch span. The failure threshold for the thermally
cycled specimens with a 4.96 inch span was 155 ft-1lbs. Of the
eight coated specimens tested, four were tested with the coated
side in compression (up) and four with the coated side in tension
(down). The results of these tests demonstrated the embrittling
effect of a surface coating. The failure energy for the tests

22
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TABLE 1

RESULTS OF FALLING WEIGHT-PLATE TEST

* Results of tests on

| Material Impactor Threshold
g Thicknes$d Material Size Span Number of | Energy
(in.) Type (in.) Dia. (in.)| Specimens (ft-1bs.)

.125 Mil-Spec Lexan 1 4.96 11 185
8.0 11 205

Thermal-Cycled 1 4.96 11 155
Coated Side Up 1 4.96 60
Coated Side Down 1 4.96 5

.25 Commercial Lexan Y% 4.0 6 45
1 8.0 10 400

1% 8.0 18 875

Mil-Spec Lexan X 4.0 14 135

4.96 21 135

8.0 18 160

1 4.0 15 380

4.96 17 390

8.0 8 410

1% 4.0 18 835

4.96 17 825

.31 Mil-Spec Lexan % 4.0 5 175
4.96 4 180

8.0 6 200

1 4.0 37 475

4.96 31 500

8.0 6 575

l1-polished 4.0 5 500

4.96 6 475

l-stainless 4.96 5 500

Coated Side Down 1 4.96 6 20
Thermal-Cycled 1 4.96 8 470
Mil-Spec Tuffak 1 4.0 13 475
1-polished 4.0 5 500

.50 Commercial Lexan 1 4.96 15 860
l1-polished 4.96 2 >900

six specimens are not included in this table.
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Typical Ductile Deformation Prior to Failure

S
.‘».._w»}

Bt : V151ble Open Crack
8 / s RN wa

Typical Penetration Beyond the Failure Threshold

Figure 14.

0.125" Thick Uncoated MIL-P-83310 Polycarbonate
Plate Test Specimens.
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conducted with the coating in compression was 135 ft-lbs and for
the specimens tested with the coating in tension the failure
energy was only 6 ft-lbs. These tests demonstrate the usefulness
of the falling weight tests in qualitatively evaluating the

relative impact strength of a material.

Tables B.5 through B.8 summarize the tests conducted
on 0.25 inch thick commercial grade polycarbonate (Lexan) in the
as-received condition. The tests were conducted to evaluate the
effects of impactor size, plate span, and impactor velocity on
the threshold of failure energy. Five impactors with diameters
of 1/4, 1/2, 1, 1-1/2, and 2 inches, and three plate spans with
diameters of 4.00, 4.96, and 8.00 inches were used. Tables B.5
and B.6 present the results of 54 tests conducted on specimens
supported with a 4-inch diameter span and impacted with one of
the five different size impactors. The 2-inch diameter impact
tests were discontinued because the required energy levels for
failure exceeded the test equipment capability. The 55 test
results for specimens tested with a span of 4.96 inches are
presented in Table B.7. Tests conducted using the 1/2 inch
diameter bullet investigated the effect of varying the velocity
a small amount by changing the drop height and falling weicht.
The velocities varied from 17 ft/sec to 31 ft/sec, with no
measurable change in the threshold energy. The results of 54
tests conducted using the 8.0 inch span have been presented in
Table B.8. Threshold of failure energies fell within a +7%
band. Figure 13 shows energy as a function of plate span for
three different size impactors. The energy increases only a
small amount for relatively large increases in plate span.
Figure 15 shows energy as a function of impactor size for the
three different plate spans. The energy appears to increas2 at

an increasing rate with greater impactor diameters.

One hundred forty-two tests were conducted on 0.31
inch thick coated and uncoated polycarbonate; the results of the

tests are presented in Tables B.9 through B.13 (Appendix B).
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” .25 inch thick uncoated Commercial Grade Polycarbonate (Lexan)

1000
(.25 Inch Thick Material)
t 9001
: O
a
©
800
700[

600
[_._

o
4 500}~
[]
o
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&
k400 (— O
g o
300 —
200 — ® -~ 4 inch span
O] A -~ 4.96 inch svan
o {9~ 8 inch span |
100 — ] !
©
| l | | | =2
1/2 2! I8 B8 /2 2

Impactor Diameter (inchus)

Figure 15. Effects of Impactor Size on the Failure
Threshold Enerqy.
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Typical tested specimens are shown in Figure 16. The results of
tests conducted on MIL-P-83310 uncoated polycarbonate are presented
in Table B.9 and a comparison is made in Table B.10 between the
MIL-P-83310 G.E. Lexan and the Mil-P-83310 Rohm & Haas Tuffak.

The results of tests conducted on coated specimens are presented
in Table B.1l1l and show the embrittling effect of a surface coating.
The failure energy decreased from about 500 ft-1lbs for the
uncoated, unconditioned polycarbonate to 20 ft-1lbs for the coated
specimens with a 4.96 inch span. Thermally cycled specimens, also
presented in Table B.1l1l, failed at 470 ft-1lbs which is only a
slight reduction in the failure energy. Table B.12 presents the
results of tests conducted using various one-inch diameter impac-
tors which had different geometrical configurations and surface
finishes. Although this data was limited, there appears to be
about a 5% decrease in the threshold energy for specimens tested
with the polished (4 Lapped Surface) impactor; however, the

results in Table B.1l0 indicate a 5% increase in energy for the

polished impactor.

Table B.13 presents the data for tests conducted with
various size impactors and plate spans on 0.31 inch thick
uncoated polycarbonate. The limited amount of data apwnears to
follow the trends presented in Figure 13 for the 0.25 inch thick

specimens. However, no conclusive evaluation could be made.

The test results for the 9.5 inch thick uncoated
polycarbonate are summarized in Table B.1l4. Table 1 presents a
summary of the falling weight plate test results. Figure 17 shows
the threshold of failure energy as a function of material thickness.
The energy increases at an increasing rate with greater material
thicknesses, which is similar to the trend seen in Figure 15 with
the increasing impactor size. The air cannon test results followed

the same trend, only at a higher energy level.

In order to correlate the results of plate tests
conducted on different material thicknesses using different size

impactors and plate span=. the material thickness at the point of

2




Typical Penetration Beyond the Failure Threshold
(Specimen was sawed in half to remove the impactor.)

Figure 16.

0.31" Thick Uncoated MIL-P-83310 Polycarbonate
Plate Test Specimens.
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impact was measured to determine the percent reduction in thickness.
The results of measurements taken on representative plate specimens
which have been tested at threshold energy are presented in

Table 2. Typically unconditioned polycarbonate demonstrates 60 to
100 percent elongation in tension which is similar to the measured
percent reduction in thickness for the plate specimens. The maxi-
mum percent reduction in thickness is not equivalent to (generally
less than) the maximum percent elongation because of the complex
strain distribution. Although this data is limited, there appears
to be a greater percent reduction in thickness for tests conducted
with smaller diameter impactors, and there appears to be no
significant difference in the percent reduction in thickness
between the air cannon and falling weight specimens despite the
differences in the threshold-of-failure energy levels. By measur-
ing the percent reduction in thickness, it is possible to compare
the relative impact resistance of materials of different thicknesses
and materials tested with different impactors and plate spans at

different velocities.

4.3.2 Falling Weight Beam Tests

Twenty-eight falling weight beam tests were conducted
on polvcarbonate beam tyve specimens; 18 tests were conducted on
0.31 inch thick uncoated polycarbonate, 6 tests were conducted on
0.31 inch thick coated polycarbonate, and 4 tests were conducted
on 0.5 inch thick uncoated polycarbonate beams. A typical failed
(failure is defined as a visible open crack) beam is shown in

Figure 18.

Table B.15 (Appendix B) presents the data for the
0.31 inch thick polycarbonate beams. Four uncoated polycarbonate
beam specimens were tested using a 3.1 inch span (10:1 span-to-
depth ratio). These specimens were deformed to the limits of the
test fixture (pushed between the supports) and could not be
failed (fractured). A 1.86 inch span (6:1 span-to-depth ratio)
was used on the remaining fourteen beams which resulted in a

threshold energy of 85 ft-1lbs. Six beams were fabricated from




"!!IIIllllIlllllllil-I------

——

TABLE 2
SUMMARY OF SPECIMEN THICKNESS REDUCTION

Impactor Plate
] Specimen Size Span Thickness Percent
] Identification| (inches) (inches) (inches) Reduction
)
Thickness .125"
20-TC | 1 4.0 .053 58
Thickness .25"
DB-62 % 4.0 .068 73
DB-63 % 4.0 .068 73
DB-10 1 4.0 .100 60
DB-30 1 4.0 .095 62
DB-33 1 4.0 .106 58 |
DB-3 1% 4.0 .098 61 |
DB-39 1% 4.0 LY 60
DB-1 2 4.0 .103 59
CB-7 % 4.96 .056 78
CB-13 % 4.96 .058 77
B LT s 4.96 .047 81 '
CB-23X 1 4.96 .103 59
CB-26 1 4.96 .100 60 i
CB-28 1 4.96 .104 58 |
CB-34 1 4.96 .100 | 60
CB-40 { 1% 4.96 100 | 60 |
CB-50 13 4.96 .097 61 |
BB-23 1 8.0 .100 60
BB-35 i 8.0 .086 66
Thickness .31"
DA-15 il 4.0 .125 ; 60
DA-16 1 4.0 .123 ! 60
DA-17 il 4.0 .136 i 56 ’
DA-2R il 4.0 AL 64 ‘
DA-12R il 4.0 115 64
(Air Cannon) H
AA-4 il 10 .132 57
AA-2R 1 10 L35 57
(Air Cannon)
AG-6 1 10 8243 7S
AG-9 30 10 o 257 47
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Typical Split Beam
Typical Failed Beam
Typical Deformed Beam Prior to Failure

Figure 18. 0.31-inch Thick Uncoated Polycarbonate Beam
Test Specimens.
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coated polycarbonate and tested with a 3.1 inch span; the embrittling
effect of the FX-103 coating was evident in that these specimens
failed at 5 ft-lbs of energy with the coated side in tension. The
FX-103 coating on the surface of the polycarbonate reduced the

impact strength to a level similar to acrylic.

Table B.l6 presents the data for the 0.46 inch thick
acrylic and the 0.5 inch thick uncoated polycarbonate beam specimens
tested with a 6:1 span-to-depth ratio. The six acrylic bheams
shattered at 10 ft-1lbs, whereas a polycarbonate beam was deflected
to the limits of the supports at 170 ft-1lbs of energy. These tests

demonstrate the differences in toughness between the two materials.

The beam type specimens were more difficult to fabricate
than plate specimens. However, they were more easily tested than
plate specimens, and they produced good results when ranking the
relative toughness of materials. The only real problem occurred
when testing very tough and ductile materials, which are deflected

to the limits of the supports without failure.

4.4 NOTCHED IZOD AND NOTCHED CHARPY TESTS

The notched Izod tests were conducted in accordance with
ASTM D256-73, Method A; test results being presented in Table B.16.
This test method was also very sensitive in detecting embrittlement
produced by coating the nominal 0.125 inch thick polvcarbonate
material with FX-103, as was the falling weight test method. The
Izod test method also detected a polycarbonate embrittlement as a
result of the thermal cycle conditioning of the 0.125 inch thick
material which was not detected by the falling weight tests.

For the nominal 0.310 inch thick polycarbonate material, the
behavior was brittle at all the tested material conditions, with
only a small decrease in impact strength vroduced by the 'C' and
'TC' conditioning. 1In the falling weight tests, the behavior of
the 'AR' 0.31 inch thick material was ductile with large decreases
in strength produced by the 'C' conditioning.
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As can be seen in Table B.16, the notched Charpy test results
g are essentially eguivalent to the notched Izod results and the

same conclusions apply.

4.5 SIMPLY-SUPPORTED THREE-POINT FLEXURE TESTS

Sieacan s s 3

The simply~supported three-point flexure test results are
presented in Appendix B in Table B.l7. These tests were conducted
in accordance with ASTM D790-71, Method I, with the exception that
the ram velocity was adjusted to produce the fiber strain rates
listed in the table. The mechanical properties documented in
the table were determined from the load versus displacement test
curve generated during each test. Since the elastic response of
the specimens produced a nonlinear load versus displacement
relationship in this test, the secant stiffness and secant elastic
modulus are reported for a 2% maximum fiber strain. The maximum
fiber stress was calculated for the maximum load on the load
versus displacement curves and reported as the ultimaté stress.
The energy consumed in straining the specimen to the ultimate !

stress was also measured and is reported.

The mechanical property values increase with increasing
strain rate; however, all failure modes were ductile (plastic
hinge). Higher rates may increase sensitivity and result in
material properties more representative of those relating to

bird impact.

The specimens of the 'C' condition were tested with the
coated side in tension. The behavior of these specimens was
ductile with hairline fractures observed in the coating under the
loading nose (center support). There was not a statistically
significant effect produced by the 'C' conditioning in the

mechanical properties at the 99% confidence level.

4.6 HIGH RATE TENSION TESTS

High rate tension tests were not conducted because of the

high cost of the test fixturing reguired, the high cost of the
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specimen, and the limited funds available, Despite the higher
costs of performing these tests, this is a very promising test
method. 1In order to generate strain rates representative of

. those in a bird impact, a high performance electrohydraulic test
: machine must be used. The quantitative tensile modulus and

tensile strengths would be valuable parameters for use in the

design and analysis of bird impact resistant transparencies.




SECTION 5
CONCLUSIONS AND RECOMMENDATIONS

Table 3 presents a summary of the test methods considered for
evaluating material embrittlement. The falling weight test method
offers low cost, very good sensitivity and repeatability, and
excellent adaptability to a variety of materials. The high-rate
simply-supported three-point flexure test method is similar to
the falling weight test with the Type "B" beam specimens. The
advantage is that the results are quantitative but the cost is
much higher. The notched Izod and notched Charpy tests
demonstrated the greatest sensitivity of any of the evaluated test
methods, possibly because of the high strain rates. Th: sensi-
tivity of the air cannon and high-rate tension test was not

evaluated.

The falling weight impact test method is, at this time, the
recommended test method for experimentally evaluating the impact
resistance of polycarbonate material. The method offers a good
compromise of sensitivity, versatility, applicability, and overall
cost. Based on the tests conducted under this effort, a standard
test method for cdetermining the impact resistance of monolithic
polycarbonate by means of a falling weight has been generated and
adopted as ASTM F736-81 (reference Appendix A).

Recommendations are outlined below.

a. Additional high velocity (strain rate) impact testing
(air cannon) of polycarbonate to be evaluated at both higher and
lower velocities than tested. This testing 1s necessary to
better understand the effects of strain rate on material properties.
Also, testing needs to be conducted on aged material to better

evaluate the test sensitivity.

b. An investigation be conducted to utilize fracture
toughness test methods as a means for evaluating the imvact

resistance of polycarbonate.
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c. A determination be made of the effects due to different

lot material (processing variables) on the impact resistance of
polycarbonate.

d. An investigation be conducted using high rate tension
tests to determine the effects of embrittlement on the percent
elongation and elastic modulus. This information is necessary

to improve computer simulated failure modes.

e. Additional simply-supported three-point flexure testing
at even higher strain rates be attempted in order to determine
if a brittle transition occurs in unnotched samples. The
higher rates may increase the sensitivity of this test and make

it more representative of a bird impact.
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APPENDIX A

Standard Test Method for

IMPACT RESISTANCE OF MONOLITHIC POLYCARBONATE
SHEET BY MEANS OF A FALLING WEIGHT
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qﬂn.) Designation: F 736 - 81

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race St., Philadelphis, Pa. 19103
Reprinted from the Annual Book of ASTM Standards, Copyright ASTM
1f not listed in the current combined index, will sppear in the next edition.

Standard Practice for

IMPACT RESISTANCE OF MONOLITHIC
POLYCARBONATE SHEET BY MEANS OF A FALLING

WEIGHT'

This standard is issued under the fixed designation F 736; the number immediately following the designatinn indicates the
year of original adaptinn or. in the case of revisinn, the year of last revision. A number in parenthesesindicates the year of last
reapproval. A superscript epsilnn (¢) indicates an editnnial change since the last revisinn or reappraval.

1. Scope

1.1 This practice covers the determination of
the energy required 1o initiate failure in mon-
olithic polycarbonate sheet matenial under
specified conditions of impact using a free fall-
ing weight.

1.2 Two specimen types are defined as fol-
lows: i

1.2.1 Type A consists of a flat plate test spec-
imen and employs a clamped ning support.

1.2.2 Type B consists of a simply supporied
three-point loaded beam specimen (Reference
Fig. 1) and is recommended for use with ma-
terial which can not be failed using the Type A
specimen. For a maximum drop height of 6.096
m (20 ft) and a maximum drop weight of 22.68
kg (50 1b), virgin polycarbonate greater than
12.70 mam (% in.) thick will probably require
use of the Type B specimen.

NOTE 1—See also ASTM Methods: D 1709,
D 2444 and D 3029,

2. Applicable Documents
2.1 ASTM Standards:
D618 Conditioning Plastics and Electrical
Insulating Matenials for Testing?
D 790 Test for Flexural Properties of Plastics®

3. Summary of Practice

3.1 The test procedure to cause failure covers
a range of impact energies and differs with
respect to geometry and support of test speci-
men Type A and test specimen Type B. Guide-
lines are established to control drop heights,
tmpact velocity, drop weights, impactor heads,

tmpactorrelease, impactor rebound, impac! lo-
cation, and specimen configuration which are
applicable 1o a falling weight impact tester
drsigned to accommedate Type A or Typs B
test specimens, or both, fabricated from mon-
olithic polycarbonate sheet material.

4. Significance and Use

4.1 This practice is applicable for qualita-
tively evaluating coated and uncoated mono-
lithic polycarbonate sheet material, for moni-
toring process control, for screening studies,
and as an aid in the prediction of hardware
performance when exposed 10 impact service
conditions.

4.2 A limitation of Type A specimen lesting
is that a thick sheet may not fail since the
available impact energy is limited by the max-
tmum drop heigh. .nd falling weight capacity
of the test apparatus. Use Spectmen Type A for
malenrial less than 12.7 mm (0.50 in.) thick.

4.3 Within the range of drop heights of this
system, tests employing different velocities are
not expected to produce different results. How-
ever, for a given series of tests, il is recom-
mended that the drop height be held approxi-
mately consiant so that veloaity of impact
(strain rate) will not be a variable.

! This practice is under the jurisdiction of ASTM Com-
mittee F-7 nn Acrnspace lndusuz Methods and is the direct
responsilility of Subcommutice F07.08 on Transparent En-
closures and Materials.

Cutrent edition approved Aug. 28. 1981. Published Oc-
tnber 1981,

? Annual Book af ASTM Standards, Pan 2.

* Annual Book of ASTM Siandards, Part 35.
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4.4 As the polycarbonat. specimen under-
goes large plastic deformation under impact.
the down (opposite impact) side is under tensile
loading and most influential in initiating fail-
ure. Polycarbonate sheet coated on one side
may yicld significantly different test results
when tested with the coated side down versus
the coated side up.

4.5 Direct comparison of specimen Type A
and specimen Type B test resulis should not be
attempted. For test programs that will requice
the comparison of interlaboratory test resulis
the specimen type and the approximate drop
height must be specified.

4 6 Monolithic poiycarbonate sheet is noich
sensitive. Data obtained from other test meth-
ods, particularly notched Izod/Charpy test re-
sufts, and extremely high- or low-strain rate test
results. should not be compared directly to data
obtained from this method. It is noted that
Type A specimens, freec of flaws, have not
experienced the claracteristic ductije-to-brittle
transition between thin, less than 3.18 mm (%
in ). and thick, greater than 7.94 mm (%6 in.),
sheet as reflected by other test methods.

5. Descriptions of Terms

S.1 failure (of test specimen)—failure is sig-
nified by the presence of any crack or split in
the impact-deformed area that was created by
the impact of the falling weight and that can
be seen by the naked cye.

6. Apparatus

6.1 Impact Tester—The apparatus shall be
constructed essentially as shown 1n Fig. 2. Al-
though not specitied. materials calied out have
been found to be satisfactory.

6.1.1 Drop Height— A lifting carrier shall be
provided to raise or lower the fafling weight
impactor that will be adjustable within the
range of 0. 305 m (1 ft) to maximum drop height
and measurableto the nearest 2540 mm (1 1n.).

6.1.2 Drop Weight—The falling weights
shall be detachable. interchangeable, and van-
able in small known increments from a total of
0.45 kg (1 1b) to a maximum drop weight of S0
kg (1101b).

6.1.3 Impacior—Theloading nose to be used
with Type A specimens is shown in Fig. 3, with
Type B specimens as shown in Fig. 4. The
impactor surface shall be free of nicks or other
surface irregularities. The impactor geometry

D
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for Type B specimens corresponds 1o Method
D 790.

6.1.4 Impaci Location—The center of mass
of the falling weight shall be guided by a two
cable system or other suitable means to repeat-
edly strike within 2.54 mm (0.10 in.) of the
center of the specimen support fixture as mea-
sured in the plane of the specimen, in order 10
assure uniform, reproducible drops. Fricuion
retarding the falling weight should be minimal
so that the impact velocity approaches

Vagh

where:
g = acceleration of gravity, and
h = drop height.

6.1.5 Supports—Clamp and support rings as
shown in Fig. S and Table 1 will be used 1o
accommodate Type A plate specimens. Adjust-
able D 790-Method 1 supports will be used 1o
accommodate the Type B simply suppored
beam specimens of 6 + | span-to-deptb ratio.
Specimens shall be supporned so that the sur-
face 10 be impacted is hornzontal and at an
angle of 90 (£ 1) ° (=/2 radians) with respect
1o the falling weight guides.

6.1.6 Release—An clectromagnetic or me-
chanical releasing mechanism, capable of sup-
porting the maximum falling weight, will be
provided to assure uniform and reproducible
drops.

6.1.7 Rebound Catcher—Means must be
provided to caich the weight if it rebounds to
prevent restriking the specimen and causing
further damage.

6.1.8 Energy Absorber—An energy absorb-
ent material must be provided beneath the
specimen to prevent damage to the fixture
when the impactor pencirates the specimen.

7. Precautions

7.1 To reduce a hazard 10 the test operator
or witness, or both, a protective enclosure shall
be placed around the test specimen impact area
1o contain any flying particles which may be
generated during the test. No further adjust-
ments to the specimen shall be made after
positioning the falling weight at the selected
drop height.

8. Test Specimens

8.1 All specimens must be initialfy without
flaws unless the flaws constitute variablesunder
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study. Type B specimens must be free of ma-
chining stresses. Edge stresses associaled with
standard shop practice do not affect the test
results for Type A specimens. If no combina-
tion of falling weight/drop height ts available
that will give sausfaclory results using Type A
specimens because of high impact resistance,
the use of Type B specimens is recommended
1o produce failure at a lower energy level.

8.1.] Type A—Flau plates shall be round or
square and have the physical dimensions spec-
tfied in Table 2. These dimensions provide
adequate edge distance for clamping on the
plate suppuort rings.

8.1.2 Type B—For beam specimens greater
than 12.7 mm (0.50 in.) thick the suppon span
shall be six uimes the thickness of the beam. the
specimen width shall be two times the thick-
ness. not 10 exceed SO 80 mm (2.00in ). and the
overhang on each end shall be four times the
thickness 1o prevent the specimen from slipping
th.ough the suppc-ts.

NoTE 2—~Wuth care, Type A plate specimens may
be bandsawed without inducing failure from edge

effects. Type B beam specimens must have deburred
finish-machined edges thai are free of stress nisers

9. Conditioning

9.1 Unless otherwise specified. condition the
lest specimens in accordance with Procedure A
of Method D 618.

10. Procedure

10.1 Measure and record the thickness and
geomelry of cach spectmen

10.2 Choose a specimen at random from the
sample.

10.3 Lightly clamp tfinger tight) the speci-
men.

10.4 Adjust the falling weight to that weight
which 1s expected 10 cause failure.

10.5 Posiion the falling weight at the proper
height 10 provide the predicied failurc energy
at impact.

10.6 Release the weight to sinke the center
of the specimen. If rebound occurs, prevent the
impactor from restriking the specimen.

10.7 Examine the speciraen 10 determine 1f
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it failed. Test cach specimen only once. If over
(full penetration) or under the threshold of
failure, remove or add an increment of weight
as denved from results observed from the spec-
imen tested immediately prior and repeat the
test procedure.

10.8 Use a sufficient number of specimens
1o determine the threshold of failure, using tnal
and ervor test runs. Test six replicates at failure
energy so that at least itwo, and not more than
four, of the samples tesied fail at the given
energy level.

10.9 Exercise care 10 avoid accidental expo-
sure of polyvcarbonate test samples 1o oluene,
MEK vapors. and other harmful solvents. Deg-
radation can occur with no visual evidence of
damage.

11. Calculations

11.1 The energy required to produce failure,
expressed in foot-pounds. is obtained by mul-
tiplying the falling weight by the drop height.

12. Report

12.1 The report shall include the following:

12.1.1 Complete idenufication of the maite-
nal.

12.12 Type of specimen (either A or B),

12.1.3 Specimen fabrication procedure,

12.1.4 Thickness,

12.1.5 Number of 1est specimens employed
to determine threshold of failure,

12.1.6 Test condinons and material history,

12.1.7 Failure energy.

12.).8 Drop height,

12.1.9 Drop weight,

12.1 10 Failure mode (ducule deformauon,
penetration. ot bnuile fraciure),

12.1.)1 Replicate data,

12.1.12 Deviation(s} from 1est procedure,
and

12.1.13 Date of test.

13. Precision and Accuracy

13.1 Limited data from one laboratory in-
dicates repeatability 10 approximately = § &
for enther specimen Type A or Type B for
matenal exhibiing ducule behavior.
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TABLE 1 Plate Support Ring Geometry
; Nore—Reference Fig. S for defimution of “A™ and “C."
Ring “AT “c Span
9 Suze mm (i0.) mm (is.) mm (in.)
1 889 (3.50) 127.0 (5.00) 10i.6 (4.00)
2 1143 (4.50) 1575 (620) 127.0 (5.00)
s 3 190.5 (7.50) 254.0(10.00) 2032 (8.00)
4 292.1(11.50)  3810(15.00)  304.8(1200)
TABLE 2 Type A Specimen Geometry*
Specimen Thickness Span® ("™ + 2R} Diameter or Width
Spao/Thickness
mmm (in.) mm (1n.} mm (18.)
3.175(0.125)— 794 (0.312%) 101.6 (4.00) 127.0 (5.00) 32-12.8
7.95(0.3130)-12 80 (0.5040) 127.6 (5.00) 157.5 (6.20) 16-99
12.81 (0.5045)-19.30 (0.760) 2032 (800) 254.0 (10.00) 15.9-10.5
19.31 (0.765)-32.00 (1.26) 304 8 (12 00) 381.0 (15.00) 15.8-9.5
4 Specified specimen thicknesses are nominal thicknesses. Tolerances on actual material thickness could cause specimens
from a given group 10 fall 1n more than one thickness range. This should not be permitied. All specimens having the same
nomynal thickness should be tested at the same span.
® Reference Fig. S.
~ ¢BEAM o5 r
W© WIDTH oA
\P ©
; |
) |
- f -----
/’
—————— ADJUSTABLE

U

BEAM SUPPORT
PER D790~-METHOD 1

I
= ] ]
’,,’/ L’}—
-
- _-
B Cig
’ A1 \l 1 5?‘*‘;

F1G. 1 Type B Specimen Geometry and Loading
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FI1G. 2 Falling Weight Impsct Tester




@h Fr36

{ {
| |
-d

| ©)
o

Nate—All loading surfaces to have surface roughness of 1.5-3 0 um (64128 pin )
FIG. 3 Impactor Loading Nose—Tspe A Plaie Specimea (Stainless Steel)

67 Sl et

Nott-- All loading surfaces 10 have surface roughness of 1 5-3 0 um (64128 in )
FiG. 4 Impacior Loading Nuse—Type B Beam Specimen (Stainjess Steel)
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6.25 mm R (Typical . .
two Pleces_;\\ 1.._.—"5 - Ve Upper Clamping Ring
L ya
25.4 k. TTTTATTTTT k51:>ecir\en .
1 " ' ~—— Plate Support Ring
ITT $ K7 A LR L/
i i T \ ik
Mounting "A" *..l
Plate Centerlire Locator

5 : 5 T (3
o \ ' { ! J 25.4 s
| b i i X
minimum . Vs

- Sl S

Note 1—Reference Table | for dimensions "A™ and "C™
Nott 2-—All loading sutfaces 10 have surface roughness of 1.5-3.0 um (64- 128 pin ).

FIG. § Clamping and Support Rings—Type A Plate Specimen

The American Society far Testing and Maicrials takes no pasition respecting the validuy af any paient rights asserted in
cannectian with any uem mentaned in this standard Users of this standard are expressiy advised that determination af the vaiiduy
af any such patent rights, and the risk of infringement of such rights. are entirely therr own responsibiliry.

This siandard is subject 1a revision at any ume by the respansible techrcal cammatiee and must be reviewed every five vears
and if nat revised. eiher reapproved or withdrawn Yaur camments are invited enther far revisian of 1his siandard ar far addiional
standards and shauld be addresied 1a ASTM Headquarters Yaur camments will receive careful cansideration at a meeting of the
respansible technical cammutice, w nich you may atiend If yau feel 1hat vaur commenis have nat received a fair hearing vou should
make your views known g the 4STM Cammuiee vn Siandords. 1916 Race St . Philadelphia, Pa 19103, which will schedule a
further hearing regarding vour cammenis. Failing satisfactian there. you may appeal 1a the ASTM Baard af Direciors.
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APPENDIX B

ACTUAL TEST RESULTS FOR AIR CANNON, FALLING WEIGHT,
NOTCHED IZOD, AND NOTCHED CHARPY TESTS
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TABLE B.1l
ATR CANNON TEST

tlncoated Polycarbonate .31 Inch Thick Mil. Spec. G.E. Lexan™* 10 x 10 Plate Span
Speciuen Tupactor Impactor Velocity Energy Failure
Number Type Mass (gm) ft./sec. fte.-1lbs. Type
An-1 Sphere 66.7 473 510 V]
AA-13 1 inch. 597 810 D
AA-6 Dia, 627 900 D
An-T7 637 930 D
AA-4 651 970 F l
AR-8 656 980 D
An-5 666 1,010 P
AN-2 709 1,150 P
W *
AA-2R (Rolun & tlaas) 66.7 644 950 F
Tutfak
An-1R } 66.7 808 1,490 P
AA-16 Bullet 287 264 793 b
AD-17T 1 inch ‘ 345 1,170 [§)
AA-21 Dia. 286.9 145 1,170 P l
An-20 Heni -nose 355 1,240 P
AA-1Y 36l 1,280 L
| An-15 ) 287.2 375 1,380 P

* exceot as noted
D-ductile deformation

F-threshold of failure - visible open crack
P-penetration
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TABLE B.2
AIR CANNON TEST

Uncoated Polycarhbonate .5 inch Thick Commercial G.E. Lexan 10 x 10 Plate Span
1 Specimen Impactor Impactor Velocity Energy Failure
Number Type Mass (gm) ft./sec. ft.-1lbs. 1ype
AC-2 Sphere 66,7 826 1,560 D
AC-4 1 inch Est. 850 1,650 D
AC-5 Dia. 867 1,720 D
AC-3 870 1,730 P
AC-6 873 1,740 D
AC-17 873 1,740 D
AC-8 886 1,750 P
AC-1 ! ' 898 1,840 P
AC-12 Bullet 287 421 1,740 o
AC-10 1 inch 447 1,960 D
AC-13 Dia. 448 1,970 D
AC-15 llemi-nose 452 2,010 P
AC-9 461 2,090 D
AC-14 467 2,140 o]
AC-11 . ' 492 2,380 p

f-ductile deformation
t-threshold of failure

P-penetration

- visible open crack
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4 TABLE B.3

4 FALLING WEIGHT TEST RESULTS
PLATE SPECIMENS - CLAMPED EDGE

Uncoated MIL-P-83310 Polycarbonate, 0.125" Thickness

. T PR ™ | heighes gt. | Weight,1bs.| ftoipe.| Failure (1)
1" Dia. Ball Nose Impactor
4.96 dia. 2T 10.00 16.50 165 D
3T 11.38 14.50 165 D
4T 17.15 9.62 165 D
7T 7.23 22.82 165 P
6T 7.89 22.82 180 P
27R 5.18 34.77 180 D
28R 5.32 34.77 185 F
29R 5.46 34.77 190 P
30R 5.46 34.77 190 F
5T 10.00 1 22.82 228 P
* 1T 20.00 16.50 330 P
8.00 dia. 62 7.23 22.82 165 D
63 7.23 22,82 165 D
64 7.23 22.82 165 D
65 7.50 22.82 171 D
66 7.89 22.82 180 D
66C 18.03 10.54 190 D
66B 8.33 22.82 190 D
* 66A 8.76 22.82 200 P
1" Dia. Heat Treated Bullet Impactor
8.00 dia. 2 12.58 155115 195 D
3 12.90 1.5 865 200
‘ 1 13.22 ESNS 205 D
(1) D = Ductile Deformation
F = Failure Threshold ~ Visikle Crack
P = Penetration




TABLZS B.4

FALLING WEIGHT TEST RESULTS
PLATE SPECIMENS - CLAMPED EDGE

Coated MIL-P-83310 As-Received Condition Polycarbonate

0.125" Thickness
Drop | Falling
Plate Speci- Height| Weight Energy | Failurg
Span, in. men No.] ft. 1bs. ft-1bs.| (1) Comments
1" Dia. Ball Nose Impactor
4.96 dia. 44T 5.00 3.63 ILEVRLS: D Coated side up
45T 10.00 3.63 36.30 D " " "
46T 14.00 3.63 50.82 D s d 3
47T 10.00 | 13.65 136.50 S e w W
42T 1.00 31163 3.63 F Coated side down
43T 1.00 3.63 3.63 B o i 3
* 41T 1.65 3.63 5.99 S v i o
40T 2.50 3.63 9.08 ] ¥ " "
Uncoated MIL-P-83310 Polycarbonate, 0.125" Thickness
Specimens thermal cycled at 257°F as noted
1" Dia. Ball Nose Impactor
4.96 dia. 5TC 4,19 | 33.38 140 D
6TC 4.19 ] 33.38 : 140 D
THC 4.19 {33.38 | 140 D
8TC 4.19 | 33.38 140 D
4TC 4.94 | 33.38 165 P
1" Dia. Heat Treated Bullet Impactor
4.96 dia. 22TC 9.03 ] 15.5 140 D 16 hrs @ 257°F
20TC 9.68 | 15.5 150 D " "
SIS 10.00 | 15.5 155 D " L
18TC 10,00 | 1.5.5 155 D 2 o
191C 10.00 | 15.5 155 p 2 hrs @ 257°F
21TC 10.32 | 15.5 160 P ¢ &
(1) D = Ductile Deformation
F = Failure Threshold - Visible Crack
S = Shatter
P = Penetration




TABLE B.5

FALLING WEIGHT TEST, UNCOATED COMMERCIAL GRADE POLYCARBONATE*
.250 INCHES THICK, SPAN = 4 INCHES

Drop Falling
Specimen Height Weight Energy Impactor Failure
Number <y 1bs. ft.-lbs. Type Type
DB-60 6.15 5.7 35 1/4 inch D
Diameter

DB-61 7.03 5.7 40 Bullet D
DB-62 v okl S\ 45 F
DB-63 v/ Kl 5.7 45 F
DB-59% 8.79 5.7 50 P
DB-58 13.18 8. 7 7S P

D-ductile deformation
F-threshold of failure
P-penetration

* Lexan
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' TABLE B.5 (continued)

Drop Falling
Specimen Height Weight Energy Impactor Failure
Number £t. lbs. ft.-1lbs. TYpe Type
DB~-13 9.6 12.7 120 k" Bullet D
DB~14 9.6 120 D
DB-12 9.6 120 F
DB-15 10.0 125 D
DB-18 10.0 125 D
DB-22 10.0 125 D
DB-19 10.5 135 D
DB-16 10.5 135 F
DB=-20 10.5 135 F
DB-17 10.5 135 P
DB=-21 10.5 135 P
DB=-24 11.1 140 P
DB-25 11.1 140 P
DB-11 12.0 Y 150 v P
DB=-7 9.7 33.1 320 1" Bullet D
DB-31 10.4 33.0 345 D
DB-32 10.4 33.0 345 D
DB-33 10.4 33.0 345 F
DB-8 10.5 33.1 350 D
DB-9 10.7 33.1 355 D
DB=27 16.9 33.0 360 F
DB-26 10.9 33.0 360 D
DB-10 10.9 33.1 361 F
DB-28 11.1 33.0 365 D
DB-30 11.1 33.0 365 F
DB-29 11.2 33.0 370 P
DB-34 11.4 33.0 375 D
DB=~35 11.6 33.0 385 F
DB-36 | 11.6 33.0 385 v F
DB-46 15.7 49.0 770 14" Bullet D
DB-47 15.7 49.0 770 D
DB-48 15.9 49.0 780 F
DB-3 16.7 48.0 800 D
DB-38 16.5 49.0 810 D
DB-37 16.5 49.0 810 F
DB=-45 16.5 49.0 810 P
DB~40 16.8 49.0 825 D
DB-39 16.8 49.0 825 F
DB=~44 16.8 49.0 825 P
DB-43 16.9 49.0 830 D
DB=-42 17.1 49.0 840 P
DB=~41 17.4 49.0 850 P
DB~49 17.6 49.0 860 D
DB-50 18.0 49.0 880 P
DB~51 18.0 49.0 880 P
DB~4 18.8 48.0 900 P
DB-~2 20.0 48.0 , 960 v P
DB~1 ] 20.00 49.0 980 2" Ball Nose F
D-ductile deformation * Lexan
F-threshold of failure
P~penetration
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TABLE B.6
FALLING WEIGHT TEST, UNCOATED COMMERCIAL GRADE POLYCARBONATE *
.250 INCHES THICK, SPAN = 4.96 INCHES

Drop Falling j
Specimen Height Weight Energy Impactor Failure
Number fe. lbs. ft.-1lbs. Type Type :
CB-4 3.6 29.7 105 k" Bullet D
CB~-5S 3.8 29.7 115 D
CB=3 4.0 29.7 120 P
CB-11 4.1 29.0 120 D
¢B-22 14.0 9.0 125 D
CB=-21 14.0 9.0 125 D
CB-9 14.0 9.0 125 D
CB-18 4.4 29.0 130 D
C~-12 4.4 29.0 130 D
CB~-13 4.6 29.0 135 F
CB-17 4.6 29.0 135 B
CB=-23 14.8 9.0 135 F
CB~-7 14.8 9.0 135 F
CB-6 14.8 9.0 138 P
CB-8 14.8 9.0 135 P
c3-19 14.8 9.0 138 P
CB-14 4.8 29.1 140 P
CB-15 | a8 29.1 140 P
CB-16 4.8 29.1 140 P
CB-1 16.3 9.0 145 P
cB-2 16.3 9.0 145 v P
CB-30 10.6 33.0 350 1" Bullet D
CB-31 10.6 350 D
CB-29 10.8 358 P
CB-25 11.1 365 D
CB-27 11.4 375 D
CB-26 11.4 378 F
CB-24 11.4 378 P
CB-28 11.4 378 8
CB-19 11.7 388 D
CB-22 L/ 385 P |
cB-23 11.7 385 P |
cp-21 12.0 395 P |
CB-33 12.2 405 D |
CB-32 12.2 405 P
CB-34 12.2 405 F
CB~-36 12.7 420 13
CB-35 12.7 \ 4 420 v P
CB-48 15.0 49.0 735 1%x" Bullet D
CB-52 15.4 7558 D
CB-49 15.5 760 D
CB~-47 15.6 765 P
C3-51 15.7 770 P
CB-53 16.3 800 D |
CB~-46 16.5 810 P
CB-39 17.1 840 D
CB-41 17.3 850 D
CB=-40 173 850 4
CB-45 X7.3 850 P
CB-50 17.4 855 P
CB-44 7y | 855 P
CB=-42 17.6 | 860 F
CB=43 17.6 | 860 P
CB-38 N7 865 P
€B-37 18.2 v 890 v P
D-ductile deformation * Lexan
F-threshold of failure
P-penetzation
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TABLE B.7

FALLING WEIGHT TEST, UNCOATED COMMERCIAL GRADE POLYCARBONATE #*
.250 INCHES THICK, SPAN = 8.0 INCHES

) Drop Falling
Specimen Height Weight Energy Impactor Failure
Number fe. lbs. ft.-lbs. Type Type
BB-1 12.6 8.75 1l0 k" Bullet D
BB-2 14.3 g 125 ' D
BB-8§ 15.4 135 D
BB=-9 16.0 140 D
BB-10 16.6 145 D
BB=-3 17.1 150 D
BB-1l 17.1 150 D
BB-6 17.1 150 P
BB-7 17.1 150 P
8B-12 18.3 160 F
BB-13 18.3 160 E
BB-14 18.3 160 5
BB-S 18.3 160 P
BB-15 19.2 168 P
BB-16 19.2 168 P
BB-17 19.2 168 P
BB-18 19.2 168 P
BB-4 20.0 J 175 v P
BB=-34 14.6 26.0 380 1" Bullet D
BB-36 14.6 380 D
BB=~35 14.6 380 B
BB-19 15.0 390 D
BB-24 15.4 400 D
BB=25 15.4 400 D
BB=-28 15.4 400 D
BB-29 15.4 400 D
BB=-23 15.4 400 i3
BB-30 15.4 400 P
BB=-27 15.8 410 P
BB=-31 16.2 420 P
BB-32 16.2 420 P
BB=-33 l6.2 420 P
BB-20 16.4 425 D
BB=-22 16.4 425 b4
BB=26 16.4 425 P
BB-21 17.3 450 1 P
BB-38 16.3 49.0 800 1%" Bullet D
BB=-39 16.6 ! 815 D
BB-40 16.8 { 825 D
BB=37 16.8 825 P,
BB=49 17.0 830 D i
BB-54 17.0 830 D
BB=-50 17.0 830 P
BB-41 17.4 850 D
BB=45 17.4 850 D {
BB-46 17.6 860 D ]
BB=42 17.9 875 D i
BB-48 17.9 875 D !
BB~53 17.9 875 D t
BB=44 17.9 875 P ‘
BB=-47 17.9 875 P H
BB=41 18.4 900 P
BB-~S1 18.8 920 P ‘
BB-52 18.8 i | 920 ' P
D-ductile deformation *Lexan

F-threshold of failure
P-penetration




TABLE B.8
FALLING WEIGHT TEST RESULTS, PLATE SPECIMENS - CLAMPED EDGE
Uncoated MIL-P-83310 Polycarhonate, 0.310" Thickness

Pla::.span Spgg?me“ Heiggzeft. wezgttfqgs. ?:figz. Failure (1}
1" Dia. Ball Nose Impactor
4.00 dia. 30p 13.32 33.03 440 D
31p 13.32 33.03 440 D
32p 13.32 33.03 440 D
33p 13.32 33.03 440 D
34p 13.32 33.03 440 D
10R 13.28 34.65 460 F
11R 13.28 34.6% 460 F
12R 13.28 34.65 450 D
13R 13.28° 34.65 460 D
14R 13.28 34.65 460 D
22R 13.80 34.65 478 F
24R 9.86 48.50 478 P
25R 18.65 25.63 478 P
26R 13.80 34.65 478 D
15R 13.94 34.65 483 F
23R 10.00 48.50 485 p
21R 14.28 34.65 495 P
35p 14.88 33.59 500 D
36P 14.88 33.59 500 F
37p 14.88 33.59 500 P
17R 14.60 34.65 506 D
19R 15.27 34.65 529 p
20R 15.27 34.65 529 P
18R ' 15.93 34.65 522 P
4.96 dia. 10T | 10.00 23.98 240 D
11T 12.32 22.73 280 D
12T 9.59 3..38 320 D
13T 10.78 33.38 360 D
14T 11.98 33.38 400 D
15T 13.48 33.38 450 D
40P 14.15 33.57 475 D
41pP 14.15 33.57 475 D
42p 14.15 33.57 475 D
43p | 14.15 33.57 475 D
44pP 14.15 33.57 475 F
asp 14.88 33.59 500 p
39p 14.88 33.59 500 3
9 14.98 33.58 500 F
9A 14.98 33.38 500 F
16T 14,98 33.38 500 D
45P 15.64 33.57 525 F
46P 15.64 33.57 525 P
47p 15.64 33.587 525 3
48P 15.64 50057 525 P 3
49P 15.64 33.57 525 P
L7599 11.91 48.27 575 P
8.00 dia. 1 17.23 33.38 575 D
2 17.23 33.38 575 D
3 17.23 33.38 $75 F

(1} D = Ductile Deformation
F = Failure Threshold - Visible Crack
P = Penetration
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TABLE B.9
FALLING WEIGHT TEST, UNCOATED MIL-P-83310 POLYCARBONATE

.310 inch Thick, Span = 4.0 inches

[ Drop Falling
Specimen Height Weight Energy Impactor Failure
| Number ; fe. lbs. ft.-1lbs. Type Type
| 1
| G. E. Lexan
DA-7 14.9 28.5 425 1" Bullet D
DA-8 15.8 450 D
l DA-9 15.8 450 D
DA-10 15.8 450 D
| DA-6 | 15.8 450 P
| DA-11 16.6 475 D
| DA-13 16.6 . 475 F
| DA-12 16.6 475 P
| DA-4 16.6 475 P
DA-5 16.6 475 P
DA-1 LTINS 500 P
DA-2 ‘ 17.5 500 P
DA-3 | 17.5 500 1) P
DA-17 | 16.6 475 1" Polished F
Da-14 i 17.5 500 Bullet D
DA-15 { 17.5 500 F
DA-16 I 17.5 500 F
DA-18 | 18.4 ] 525 D
Rohm & Haas Tuffak
DA-16R 14.9 28.5 425 1" Bullet D
DA-18R 14.9 425 D
DA-17R 14.9 425 F
DA-4R 15.8 450 D
DA-13R 15.8 450 D
DA-12R 15.8 450 F
DA-2R 16.6 475 F
Da-3R 16.6 475 P
DA-14R 16.6 475 P
DA-15R 16.6 ! 475 P
DA-1R 17.5 500 P
DA-10R 17.5 500 P
DA-11R 17.5 500 f P
DA-5R 15.8 450 1" Polished F
DA-6R 16.6 475 Bullet D
DA-7R 17.5 500 i D
DA-8R 18.4 525 | r
DA-9R 18.4 525 ' P

D=ductile deformation
F-threshold of failure
P-penetracion
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TABLE B.10

FALLING WEIGHT TEST RESULTS
PLATE SPECIMENS - CLAMPED EDGE

Coated MIL-P-83310 Polycarbonate, .31 inches Thick

Drop Falling
Plate Speci~ | Height | Weight Energy | Failure

Span, in. men No. ft. 1bs. ft~1bs. (1) Comments

1" Dia. Ball Nose Impactor

4.96 dia. 34T 3.00 6.54 19.62 F Coated side down
35T 3.00 6.54 19.62 F " u
36T 3.00 6.54 19.62 D Coated side up
33T 4.00 6.54 26.16 F Coated side down
32T 6.00 6.54 39.24 S - "
31T 2.50 33.38 83.45 S . "
30T 7.50 33.38 250.35 S 4 "

Uncoated MIL-P-83310 Polycarbonate, .31 inches Thick
Specimens thermal cycled 2 hrs. at 257°F

4.96 dia. 1TC 6.00 6.54 39.24 D 1" Ball Nose
3TC 11.98 33.38 400 D i n
2TC 14.98 33.38 500 P n "
9TC 14.00 33.25 465 F 1" Bullet

13TC 14.00 33.25 465 F m n
10TC 14.28 33.25 475 F R "
11TC 14.28 33.25 475 P o b
12TC 14.28 33.25 475 P it n
(1) D = Ductile Deformation

F = Failure Threshold - Visible Crack

S = Shatter

P = Penetration




FALLING WEIGHT TEST,
Uncoated MIL-P-83310 Polvcarbonate,

TABLE B.1ll

EFFECT OF IMPACTOR FINISH
.31 Inches Thick

Span = 4.96 inches, 1" Dia. Impactors
Drop Faiiing
Specimen Height Weight Energy Failure
Number ft. 1bs, ft-1bs. Type (1)
Impactor: Stainless Steel Bullet Configuration
Surface Finish - 64 microinches

CAl2 14.81 33.75 500 D
CAl3 14.81 33.75 500 D
CAl4 14.81 33.75 500. F
CAl 15.04 33.25 500 F
14TC 15.04 33.25 500 12
Impactor: Alloy Steel (Heat Treated) Bullet Configuration

Surface Finish - Equivalent to a "4 Lapped" Surface

CAlS5 14.07 33.75 475 D
CAl6 14.07 33.75 475 F
CAl7 14.07 33.75 475 P
CA9 14.81 33.75 500 P
CAl0 14.81 33.75 500 P
CAll 14.81 33.75 500 P
Impactor: Chrome Steel Ball Nose

38P 14.88 33.59 500 P
39Pp 14.88 33.59 500 P

9 14.98 33.38 500 Ik

9A 14.98 33.38 500 F
16T 14.98 33.38 500 D
15TC 15.04 33.25 500 1
CA3 15.04 33.25 500 P
Impactor: Hardened Steel Bullet

16TC 15.04 33.25 500 12
CA2 15.04 330 23 500 12
(1) D = Ductile Deformation

§ F = Failure Threshold - Visible Crack
1 P = Penetration
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TABLE B.12
FALLING WEIGHT TEST, EFFECT OF PLATE SPAN
Uncoated MIL-P-83310 Polycarbonate, .31 inch Thick

1
] Drop Falling
Specimen Height Weight Energy Impactor Failure
Number ft. 1bs. ft-1bs. Type Type (1)
Span = 4.0"
DA-2 14.17 12.0 170 %" Bullet D
DA-4 14.33 172 D
DA-5 14.58 175 D
DA-6 14.58 175 D
DA-3 14.58 175 P
DA-8 17.7 48.0 850 1%" Bullet D
DA-9 20.0 48.0 960 1%" Bullet D
DA-1 19.0 49.0 931 2" Ball Nose D
Span = 4.96"
CA-5 14.58 12.0 175 %" Bullet D
CA-7 15.00 180 P
CA-6 15.42 185 P
CA-4 15.83 190 P
Span = 8.00"
BA-1 10.00 15.50 155 % Ball Nose D
BA-4 12.90 15.50 200 D
BA-7 13.11 15.25 200 P
BA-6 13.77 SE215 210 P
BA-3 14.19 15.590 220 P
BA-2 16.13 15.50 250 P
9 17.29 33.25 575 1" Bullet P
5 18.80 625 P
4 18.80 625 P
BA-5 16.33 | 49 800 2" Ball Nose D
(1) D Ductile Deformation

Failure Threshold - Visible Crack
Penetration

!
hnua
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TABLE B.13
FALLING WEIGHT TEST
Uncoated Commercial Grade Polycarbonate

{ .5 inch Thick, Span = 4.96 inches

% Drop Falling

- Specimen Beight Weight Energy Impactor Failure
Number e, Ibs. Sea=This Type Type
CC-16 16.9 48 810 1" Bullet D
Ccc-17 16.9 810 D
CC-18 16.9 810 F
cC-1 17.3 830 D
CC-3 17.7 850 D
CC-15 17.7 850 D
cc-2 17.7 850 F
CC-14 17.7 850 F
cc-4 18.2 875 F
cc-7 18.8 9500 D
CC-5 18.8 900 F
CC-12 18.8 900 P
CC-13 18.8 900 P
CC-6 19.3 925 P
cC-11 19.3 925 A 4 P
cc-8 18.8 ! 900 1" Polished D
cc-9 19.3 | v 925 ' Bullet D 1

D-ductile deformation
F-threshold of failure
P-penetration
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TABLE B.14

FALLING WEIGHT TEST RESULTS
BEAMS SPECIMENS - SIMPLY SUPPORTED

Uncoated Polycarbonate, 0.310" Thickness

. | Drop IFa}ling! .

Beam  |Speci- Height !Weight, iEnergy, |Failure '
Span, in. men No.l ft. ‘ lbs. ;ft—lbs.g (1) ! Comments
3.10(10:1) 1B | 4.76  10.50 | SO | D

r . 2B .| 5.24 | 10.50 | 55 {
38 | 6.19 10.50 | 65 | D
1 4B 7.14  10.50 7 . D
1.86(6:1) ' 5B | 7.14 | 10.50 | 75 | D
158 7.14 | 10.50 | 75 | D
. 16B | 7.14 | 10.50 75 ln OB
118 | 7.62 | 10.50 | 80 ! F
128 | 7.62 | 10.50 | 80 | D
- 14B 8.10 | 10.50 | 85 i F ,
) 8.10 | 10.50 85 | D 5
. 10B 8.10 | 10.50 i 85 ! P |
138 | 8.10 | 10.50 | 85 | F i
' 30B | 8.10 | 10.50 ! 85 F
318 8.10 | 10.50 | es s
| 9B 8.33 | 10.50 { 87.5 | F
| 8B | 8.57 | 10.50 | 90 F
Y | e8| 8.57 | 10.50 | 90 F :

Coated Polycarbonate, 0.310" Thickness

3.10(10:1) | 198 | 2.00 | 2.00 4.00 D ' Coated Side Down
' 21B | 2.00 | 2.00 | 4.00 | D .
2280 | 2.25 | 2.00 4.50 D ;
i 208 | 2.50 ! 2.00 | s.00 ; P
1188 ' 1.00 i 5.54 5.5 P
! | 178 | 2.72 ; s.s4a ] 15 | b ! !

Ductile Deformation
Failure - Visible Crack; Beam Held Together
Penetration - Beam Split in Two

(1)

U™ o
Wwouwu
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TABLE B.1l5

FALLING WEIGHT TEST RESULTS
BEAM SPECIMENS - SIMPLY SUPPORTED

T-38 Instructor's Windshield Material Evaluation

Drop Falling
Specimen Height Weight Energy Failure
Number B, lbs. ft.-1bs. Type

Stretched Acrylic
.92 x 6.44 x .46 inch beam -~ 2.76" Span

1la 1.44 3.48 5110 D
1a 2..817 10.0 S
2A 2.16 WS D
2A 2.59 9.0 D
2A 2.87 10.0 D
2A 3.45 12.0 S
3A 3.16 11.0 S
4A 2.87 10.0 s
5A 2.59 9.0 D
SA 2.73 9.5 S
6A 2.87 v 10.0 S

Commercial G.E. Lexan
1.00 x 7.0 x .5 inch beam - 3.00" Span

Z2C~2 15.08 8.88 134 D
Z2C~4 7.87 18.14 143 D
Z2C~5 7.87 18.14 143 D
ZC~3 9.44 18.14 171 D
(pushed through
supports)
D = ductile deformation
F = threshold of failure
P = penetration
S = shatter 64




TABLE R.16 ‘
NOTCHED IZ20D AND NOTCHED CHARPY TEST RESULTS

NOTCHED IZOD TEST RESULTS
0.125 inch material (sheet) thickness

Impact Strength

Specimen . Material Condition ' (ft-1b/inch of notch)
137 | As received f 18.8
138 ] " 1 l6.7
139 " 18.0
140 i " 17.4
141 " L7 ?
Mean(Std. Dev.) 17.6 (0.81)
96 Coated | 1.44
97 o ! 1.60
98 " | 1.51
99 " i 1.53
100 : o ] 1.53
Mean (Std. Dev.) 1.52 (0.057)
175 105°C for 2 hr. i 2455
176 = ! 2.65
177 " 2.21
185 | " 2.44
186 " ] 2.98
Mean (Std. Dev.) 2.57 (0.28)

0.310 inch material (sheet) thickness
! |

127 ] As received § 1.50
128 , " | 1.45
129 ' . 1.56
130 | = i l1.64
131 : g 1.50
Mean (Std. Dev.) I.33 (0.073)
132 Coated 1.34
133 | " ‘ 1.27
134 . Ly 1.31
135 I W 1.3
136 ‘ " 1.31
Mean (Std. Dev.) IT.3T (0.025)
187 125°C for 2 hr. 1.25
188 = 1587
189 E E ! 1.42
190 L 1.38
191 ; i 1.48
Mean (Std. Dev.) T.38 (0.085)
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TABLE B.16 (continue«)

NOTCHED CHARPY TEST RESULTS

0.125 inch material (sheet) thickness

78
79
80
81
82
Mean (Std.

168
169
170
171
172
Mean (Std.

180
181
182
183
184
Mean (Std.

142
143
144
145
146
Mean (Std.

156
157
158
159
160
Mean (Std.

192
193
194
195
196
Mean (Std.

Dev.)

Dev.)

Dev.)

As received

Coated
"

WG5%c for 2 hr.

|

(0

2.22
2.39

0.310 inch material (sheet) thickness

Dev.)

Dev.)

Dev.)

As received

125 € for 2 B

"

66

1.81
1.81

(0.

(0.

(0

(0.

(0

.24)

023)

36)

.040)

015)

.013)
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